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V-BELT CONTINUOUSLY VARIABLE TRANSMISSION 

BACKGROUND OF THE INVENTION 
[OOOl] 1 . Field of the Invention 

[CXX12] The present invention relates to a V-belt continuously variable 
transmission used in an automobile or the like. 
[0003] 2. Description of the Related Art 

[0004] JP 3-181659A, published by the Japan Patent OfiQce in 1991, discloses 
a V-belt continuous^ variable transmission (V-belt CVT). The V-belt CVT is 
provided with a primary pulley into which engine rotation is input, a secondary 
pulley that outputs rotation to drive wheels, and a V-belt that transmits the 
primary pulley rotation to the secondary pulley. A ratio of an input rotation speed 
to an output rotation speed (speed ratio) is regulated by adjusting a ratio of a 
contact radius between a piolley and a V-belt in the primaiy pulley to that in the 
secondary pulley (pulley ratio). 

[0005] When maintaining the puUey ratio in JP3-181659A, an oil pressure 
(primaiy pressure) supplied to the primaiy pulley is controlled based on an input 
torque and the pulley ratio so as to be an oil pressure necessary for maintaining 
the pullQT ratio. When changing the puUey ratio, a correction amoixnt for the 
primaiy pressiore necessary for achieving a target speed change speed is computed. 
The primary pressure is increased or decreased based on the correction amoiont, 
thereby achieving the target speed change speed. 
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[0006] However, the primaiy pressiore is reduced during a downshift in 
JP3-181659A, and therefore there is a possibility that a torque capacity of the 
primary pialley in the V-belt is excessively reduced to cause the V-belt to slip. 
[0007] An object of the present invention is therefore to provide a V-belt 
continuously variable transmission in which there is no belt slippage during a 
downshift. 

[0008] According to the present invention, there is provided a V-belt 
continuously variable transmission including: an input shaft; an output shaft; a 
primaiy pull^ that is connectied to the input shaft and whose groove width 
changes in accordance with a supplied oil pressure; a secondary pvilley that is 
connected to the output shaft and whose groove width changes in accordance with 
a supplied oil pressure; a V-belt that is wrapped around the primary pulley and the 
secondary piolley; and a controller. When a speed ratio of the transmission is to be 
increased, the oil pressure supplied to the primary pulley is set to an oil pressure 
necessary for ensuring a torque capacity of the V-belt and necessaiy for 
maintaining the speed ratio, and the oil pressure supplied to the secondary pulley 
is set to an oil pressure that is higher than the oil pressure necessaiy for ensuring 
the torque capacity of the V-belt and necessaiy for maintainii^ the speed ratio, 
thereby attaining a target speed change speed. 

[0009] According to the present invention, when increasing the speed ratio, the 
oil pressixre for the primary piilley is not reduced during the downshift and 
therefore the V-belt slippage due to the excessive reduction in the torque capacity 
on the primary pulley can be prevented. 

[0010] Preferred embodiments and advantages of the present invention will be 
described in detail below with reference to the following drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[0011] Fig. 1 is a schematic structural diagram that shows a V-belt continuous 
variable transmission (V-belt CVT) in accordance with the present invention. 
[0012] Fig. 2 is a block diagram of an oil pressure controller and a CVT 
controller of the V-belt CVT. 

[0013] I^g. 3 is a flowchart that shov^rs control contents for the CVT controller. 
[0014] Fig. 4 is a flowchart of a subroutine for computing puUey ratio 
maintenance thrust forces of a primary pulley and a secondary pulley. 
[0015] Figs. 5A and 5B arc maps that show rclationships between a pijlley ratio 
and a pialley maintenance thrust force, in which Fig. 5A is a map for primary pxaUey 
use, and Fig. 5B is a map for secondary pvilley use. 

[0016] Fig. 6 is a flowchart of a subroutine for computing an amount of 
correction for a thrust force on a primary pialley and a secondary puUey necessary 
for attaining a tar^t speed char^ speed. 
[0017] Fig. 7 is a shift pattern map of the V-belt CVT. 

[0018] Fig. 8 is a map that shows a relationship between a pulley ratio and a 
pulley stroke speed magnification. 

[0019] Figs. 9A and 9B are maps that show relationships between a pulley 
stroke speed and a thrust force correction amount, in which Fig. 9A is a map for 
primary pulley use, and Fig. 9B is a map for secondary pvilley use. 
10020] Fig. 10 is a time chart when performing an upshift by suddenly 
depressing an accelerator pedal, and thereafter suddenly releasing the accelerator 
pedal, thus performing a downshift. 
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[0021] Referring to Fig. 1, a V-belt continuous variable transmission (V-belt 
CVT) 10 includes a primary pullQ?- 11, a secondaiy pulley 12, a V-belt 13, a CVT 
controller 20, and an oil pressure controller 30. 

[0022] The primary puUey 1 1 is an input shaft side pulley for inputting rotation 
of an engine 1 to the V-belt CVT 10. The primary pulley 11 includes a fixed 
conical plate lib that integrally rotates with an input shaft lid, and a movable 
conical plate 11a that is disposed opposing the fixed conical plate lib, thereby 
forming a V-shape pulley grove. Hie movable conical plate 1 la displaces in an 
axial direction due to an oil pressure (primary pressure Ppn) acting on a cylinder 
chamber 11c. The primary pulley 1 1 is coupled to the engine 1 through a torque 
converter 2 having a forward-reverse changeover mechanism 3 and a lock-up 
clutch. Rotation of the engine 1 is thus input to the piimaiy pulley 11. The 
rotational speed of the primary pulley 1 1 is detected by a rotational speed sensor 
26. 

[0023] The V-belt 13 is wrapped around the primary pulley 11 and the 
secondaiy pulley 12, and rotation of the primary piolley 1 1 is transmitted to the 
secondary pulley 12. 

[0024] The secondary pulley 12 outputs the rotation transmitted by the V-belt 
13 to a dilferential gear 4. The secondaiy pulley 12 includes a fixed conical plate 
12b that integrally rotates with an output shaft 12d, and a movable conical plate 
12a that is disposed opposing the fixed conical plate 12b, thereby forming a 
V-shape pxallQr grove. The movable conical plate 12a displaces in an axial 
direction due to an oil pressiore (secondaiy pressure Psec) acting on a cylinder 
chamber 12c. A pressure receiving surface area A2 of the cylinder chamber 12c is 
set to be approximately equal to a pressure receiving surfe.ce area A1 of the cylinder 
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chamber 1 Ic of the primary pulley 11. 

[0025] The secondary pulley 12 is coupled to the differential gear 4 through an 
idler gear 14 and an idler shaft, and outputs rotation to the differential gear 4. The 
rotational speed of the secondary pulley 12 is detected by a rotational speed sensor 
27. Vehicle speed can be computed from the rotational speed of the secondary 
piJley 12. 

[0026] The CVT controller 20 determines a pxiUey ratio (a value obtained by 
dividing the contact radius between the secondary pulley 12 and the V-belt 13 by 
the contact radius between the primary puUey 11 and the V-belt 13, which is 
synonjrmous with a speed ratio) and a contact frictional force based on signals from 
an inhibitor switch 23, an accelerator pedal depression amovmt sensor 24, an oil 
temperature sensor 25, the rotational speed sensors 26 and 27, and the like, and a 
torque signal from an engine controller 21. The CVT controller 20 sends 
commands to the oil pressiore controller 30, and controls the V-belt CVT 10. 
[0027] The oil pressxire controller 30 supplies an oil pressure to the primary 
pulley 11 and the secondary pulley 12 based on commands from the CVT 
controller 20, making the movable conical plate 11a and the movable conical plate 
12a move in tibe axial direction. 

[0028] The pulley groove width changes when the movable conical plate 11a 
and the movable conical plate 12a move, and the contact radii between the V-belt 
13 and the primaiy pulley 1 1 and between the V-belt 13 and the secondary piolley 

12 thus change. The piolley ratio and the contact ftictional forces with the V-belt 

13 are thus controlled. 

[0029] The rotation of the engine 1 is input to the V-belt CVT 10 via the torque 
converter 2 and the forward-reverse changeover mechanism 3, and is transmitted 
to the differential gear 4 via the primaiy pulley 1 1, the V-belt 13, and the secondaiy 
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pulley 12. 

[0030] The movable conical plate 1 la of the primary pulley 1 1 and the movable 
conical plate 12a of the secondary pioHey 12 are displaced in the axial direction, if 
the accelerator pedal 22 is depressed or there is a shift change command in a 
manual mode. The contact radii with the V-belt 13 are changed, and therefore the 
pulley ratio is changed in a continuous maimer. 

[0031] Fig. 2 is a block diagram of the oil pressure controller 30 and the CVT 
controller 20 of the V-belt CVT 10. 

[0032] The oil pressure controller 30 includes a regulator valve 31, a speed 
change control valve 32, and a pressure reducing valve 33. An oil pressure 
supplied from the oil pressiire pump 34 is adjusted and supplied to the primary 
pulley 1 1 and the secondaiy pulley 12. 

[0033] The regulator valve 31 has a solenoid, and is a valve that regulates the 
pressure of pressurized oil from the oil pressure pump 34 to a line pressure PL in 
response to a command from the CVT controller 20 (for example, a duty signal). 
[0034] The speed change control valve 32 is a valve that controls the primaiy 
pressure Ppri so as to become a target primary pressure tPpri to be discussed later. 
The speed change control valve 32 is coupled to a servo link 50 that stmctures a 
mechanical feedback mechanism. The speed change control valve 32 is driven by 
a stepping motor 40 that is coupled to one end of the servo link 50, and receives 
groove width feedback, in other words feedback on the pulley ratio, from the 
movable conical plate 1 la of the primaiy pulley 11, which is coupled to the other 
end of the servo link 50. The speed change control valve 32 performs intake and 
discharge of an oil pressure to and from the primary pulley cylinder chamber 1 Ic 
in accordance with displacement of a spool 32a. The speed change control valve 
32 regulates the primary pressure Ppri such that the pulley ratio becomes a target 



piilley ratio commanded as a driving position for the stepping motor 40, receives a 
displacement from the servo link 50 when speed change is complete, and 
maintains the spool 32a in a closed valve position. 

[0035] The pressiire reducing valve 33 has a solenoid, and is a valve that 
controls the secondary pressiore Psec so as to become a target secondary pressiore 
fRsec to be discussed later. 

[0036] The line pressure PL that is supplied from the oil pressiore pump 34 and 
is pressure-regulated by the regulator valve 31 is then supplied to the speed change 
control valve 32 and the pressure reducing valve 33. 

[0037] The pulley ratio between the primary pulley 1 1 and the secondary pulley 
12 is controlled by the stepping motor 40, which is driven in accordance with a 
speed change command signal &x>m the CVT controller 20. The spool 32a of the 
speed change control valve 32 moves in accordance with displacement of the servo 
link 50 corresponding to the amount that the stepping motor 40 is driven. The 
line pressure PL supplied to the speed change valve 32 is adjusted to the primary 
pressiore Ppri and supplied to the primary puUey 11. The groove width of the 
primary piilley 1 1 is thus changed. 

[0038] The CVT controller 20 controls the pulley ratio and the contact Motional 
force vdth the V-belt 13 by reading in: a select lever position from the inhibitor 
switch 23; the amoiont by which the accelerator pedal 22 is depressed from the 
accelerator pedal depression amount sensor 24; the oil temperature of the V-belt 
CVT 10 from the oil temperature sensor 25; the pulley rotational speed from the 
rotational speed sensors 26 and 27; and the oil pressure from the oil pressure 
sensor 28. The oil pressure sensor 28 is a sensor that detects the secondary 
pressiore Psec supplied to the cylinder chamber 12c of the secondary puUey 12. 
[0039] The CVT controller 20 is structured by: a speed change controlling 
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portion 201 that determines the target piolley ratio in accordance with the vehicle 
speed and the amount by which the accelerator pedal is depressed, drives the 
stepping motor 40, and controls th^ current pialley ratio so as to become the target 
pullQ^ ratio; and a piolley pressxare controlling portion 202 that controls the primary 
pressure Ppri and the secondaiy pressure Psec in accordance with an input torque 
77n, the piolley ratio, the oil temperature, a target speed change speed tSsp, and the 
like, and controls a thrust force Fpri of the primary pulley 1 1 and a thrust force 
Fsec of the secondaiy pulley 12. 

[0040] The pulley pressure controlling portion 202 determines a target line 
pressure fPL based on the input torque 77n, the piilley ratio, and the oil temperature, 
and controls the line pressure PL by driving the solenoid of the regulator valve 31. 
Further, the pulley pressure control portion 202 determines the tai^t value iPsec 
of the secondaiy pressure Psec, and drives the solenoid of the pressure reducing 
valve 33 in accordance with the value detected by the oil pressiore sensor 28 and 
the target value tPsec, thus performing feedback control of the secondaiy pressiore 
Psec. 

[0041] Fig. 3 is a flowchart that shows the control contents of the CVT 
controller. ^ 

[0042] First, the thrust force of the primary puUey 1 1 (primary thrust force) Fpri 
and the thrust force of the secondary pvilley 12 (secondary thrust force) Fsec 
necessary for maintaining the ciorrent speed ratio are computed in step SI. The 
thrust forces necessary for maintaining the current speed ratio (pulley ratio 
maintenance thrust forces) are thrust forces that are needed in order to maintain 
the current piolley ratio, ensure the V-belt torque capacity, and transmit the 
current torque without causing the V-belt to slip, A specific computation method 
is discussed below. 
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[0043] In step S2, a correction amount (primary thrust force correction 
amount) DFph for the thrust force of the primary pulley 1 1 necessary for achieving 
the tai^et speed change speed fSsp, and a correction amount (secondary thrust 
force correction amount) DFsec for the thrust force of the secondary pulley 12 
necessary for achieving the target speed change speed tSsp are each computed. A 
specific computation method is discussed below. 

[0044] A determination is made in step S3 as to whether the speed change is 
an upshift or a downshift. This determination is made based on the target speed 
change speed tSsp found in step S2, more specifically found in step S21, which is 
discussed in more detail later. 

[0045] Operation proceeds to step S4 if speed change is an upshift. A value 
equal to the primary thrust force Fpri plus the primary thrust force correction 
amount DFpri is taken as a target thrust force tFpri for the primary puUey 11. The 
secondary thrust force Fsec is set as a target thrust force fFsec of the secondary 
pulley 12 in step S5. 

[0046] On the other hand, operation proceeds to step S6 if speed change is a 
downshift. A value equal to the secondary thrust force Fsec plus the secondary 
thrust force correction amount DFsec is taken as the target thrust force tFsec of the 
secondary pulley 12. The primary thrust force Fpri is set as the target thrust force 
tFpri of the primary piolley 1 1 in step S7. 

[0047] A value equal to the target thmst force tFpri of the primary pulley 1 1 
divided by the pressure receiving siarface area A1 of the primary pulley 1 1 is taken 
as the target value ff^pri of the primary pressure Ppri in step S8. A value equal to 
the target thrust force tFsec of the secondary pulley 12 divided by the pressure 
receiving surface area A2 of the secondary pulley 12 is taken as the target value 
tPsec of the secondaiy pressure Psec in step S9. 
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[0048] The larger of the target primary pressiore tPpri and the target secondary 
pressure tPsec is set as the target line pressure tPL in step SIO, and the solenoid of 
the regulator valve 31 is controlled such that the line pressure PL becomes the 
target line pressure tPL 

[0049] Fig. 4 is a flowchart of a subroutine for computing the pulley ratio 
maintenance thrust forces of the primary piolley 1 1 and the secondary pulley 12 
(the primary thrust force Fpri and the secondary thrust force Fsec, respectively). 
Figs, 5A and 5B are maps that show the relationships between the piolley ratio and 
the pulley ratio maintenance thrust forces. Fig. 5A is a map for use with the 
primary piifley 11, and Fig. 5B is a map for use with the secondary pioUey 12. 
[0050] The torque Tin input to the primary pulley 1 1 is computed in step Sll. 
For example, a value obtained by multiplying the torque of the engine 1 input from 
the engine controller 2 1 by a torque ratio of the torque converter 2 is calculated as 
the input torque 77/?. 

[0051] Hie current pulley ratio is computed in step S12 based on the rotational 
speeds of the primary pulley 1 1 and the secondary pulley 12, which are detected by 
the rotational speed sensors 26 and 27, respectively. 

[0052] In' step SI 3, the primary puUey thrust force Fpri is found by referencing 
the map used for the primaiy puller 1 1 (Fig. 5A), and the secondary pulley thmst 
force Fsec is foimd by referencing the map used for the secondary pulley 12 (Fig. 
5B). 

[0053] The pulley ratio is shown on the horizontal axis in the maps of Figs. 5A 
and 5B, and the pijlley ratio maintenance thrust force is shown on the vertical axis. 
The pulley ratio becomes larger toward the right side (LOW side) in the figures. A 
pliorality of relationships between the pulley ratio and the pulley ratio maintenance 
thrust force are prepared for each of the input torques, and the pulley ratio 
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maintenance thrust force becomes larger with larger input torque, even at the same 
pialley ratio. 

[0054] Comparing the map used for the primaiy pulley 1 1 (Fig. 5A) with the 
map used for the secondary pulley 12 (Fig. 5B), the primary thrust force Fpri is 
larger than the secondary thrust force Fsec when the pulley ratio is small, and the 
secondary thrust force Fsec is larger than the primary thrust force Fpri when the 
pioUey ratio is large. The primary pulley 1 1 diagram of Fig. 5A therefore has a 
gentler slope than the secondary piolley 12 diagram of Fig. 5B. 
[0055] Fig. 6 is a flowchart of a subroutine for computing the correction 
amounts DFpri and DFsec for the thrust forces of the primary pulley 1 1 and the 
secondary piiUey 12, respectively, necessary for achieving the target speed change 
speed. Fig. 7 is a shift pattern map, and Fig. 8 is a magnification map for the 
puU^ stroke speed with respect to the pixlley ratio. Figs. 9A and 9B are maps that 
show the relationship between the pulley stroke speed and the correction amount 
for the pulley thrust forces. Fig. 9A is a map for use with the primary pxalley 1 1, 
and Fig. 9B is a map for use with the secondary pulley 12. 

[0056] The target speed change speed tSsp is computed in step S21. For 
example, a ratio of the vehicle speed to an input rotational speed (rotational speed 
of the primary pulley 1 1) is found based upon the vehicle speed and the accelerator 
pedal depression amount by referring to the shift pattern map of Fig. 7. A 
map-referenced pulley ratio, which is a final target pvilley ratio, is then computed 
based on the above-obtained ratio. In addition, based on a time constant set in 
accordance with types of speed change, such as upshifts due to increases in the 
vehicle speed, downshifts due to decreases in the vehicle speed, downshifts due to 
pressing down on the accelerator pedal 22, and upshifts due to releasing of the 
accelerator pedal 232, the map-referenced pu}ley ratio is delayed by the time 
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constant with a first order lag, thereby computing the target piJley ratio. A value 
obtained by subtracting the target pulley ratio from the map-referenced pulley ratio 
and dividing it by the time constant is set as the target speed change speed tSsp^ 
[0057] A magnification for the stroke speed of the pulley with respect to the 
current pulley ratio is foiond in step S22 by referencing the map shown in Fig. 8. 
This magnification is multiplied by the target speed change speed tSsp computed in 
step S2 1, thus computing a pulley stroke speed in step S23. 

[0058] The pulley thrust force correction amounts DFpri and DFsec in 
accordance with the pulley stroke speed are found in step S24 by referencing the 
map used for the primary pulley 1 1 (Fig. 9 A) and the map used for the secondary- 
pulley 12 (Fig. 9B). 

[0059] Fig. 10 is a time chart when performing a downshift by suddenly 
depressing the accelerator pedal 22 at a time t1, and then performing an upshift by 
suddenly releasing the accelerator pedal 22 at a time i3. 

[0060] The pulley ratio is changed fiT>m the HIGH side to the LOW side 
(downshift) when the accelerator pedal 22 is suddenly depressed at the time t1. 
The correction amount DFsec for the thrust force of the secondary piaUey 12 
necessary in-order to achieve the computed target speed change speed tSsp is 
added to the secondary thrust force Fsec necessary for maintaining the speed ratio 
and taken as the target thrust force tFsec of the secondary pvilley 12. The 
secondary pressure Psec of the secondary pulley 12 is thus increased (hatched 
portion in Fig. 10). The primary pressiore Pph during this period is set at a 
pressiore force corresponding to the Fpri necessaiy for maintaining the speed ratio. 
[0061] The input torque increases in accordance with the accelerator pedal 22 
being depressed during a period fix>m the time t1 to a time t2, and the pulley ratio 
continues to increase. The primary pressiore F^ri and the secondary pressure Psec, 
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which correspond to the primary thrust force Fpri and the secondary thrust force 
FseCy respectively, therefore continue to increase. 

[0062] Control is performed during the period from the time t1 to the time t2 as 
follows. 

[0063] The primary thrust force Fph and the secondary thrust force Fsec 
necessaiy for maintaining the current speed ratio are computed from the torque 
input to the primary pulley 11 and the current puUey ratio in step SI of Fig. 3. 
The target speed change speed tSsp is computed in step S2. The magnifiication of 
the stroke speed of the pulley with respect to the pulley ratio is found by 
referencing the map shown in Pig. 8, and the stroke speed of the pvilley is 
computed by mioltiplying the magmfication and the target speed change speed tSsp. 
The thrust force correction amounts DFpri and DFsec are then foxmd in accordance 
with the piolley stroke speeds by referencing Fig. 9A and Fig. 9B. 
[0064] Operation proceeds to step S6 if it is determined based on the target 
speed change speed tSsp that speed change is a downshift in the step S3. The 
correction amount DFsec for the secondary thrust force is added to the secondary 
thrust force Fsec, and this value is set as the target thrust force tFsec of the 
secondary pvOiey 12. The primaiy thmst force Fpri is set to the target thrust force 
tFpri of the primary pulley 1 1 in step S7. The target primary pressiire tPpri and the 
target secondary pressure tPsec are computed in steps 88 and S9, respectively, by 
dividing the target primary thrust force tFpri and the target secondary thrust force 
tFsec by the pulley pressixre receiving surface areas A1 and A2, respectively. 
[0065] Operation proceeds to step SIO. The larger of the target primary 
pressure tPpri and the target secondary pressxare tPsec is set as the target lirie 
pressure fPL, and the solenoid of the regulator valve 31 is controlled so that the line 
pressure PL becomes the target line pressure tPL This process is repeated imtil 
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the time t2 at which the pulley ratio becomes the map-referenced pialley ratio. 
[0066] The target speed change speed tSsp becomes zero when the piiQey ratio 
coincides with the map-referenced piolley ratio at the time <2, and the thrust force 
correction amounts DFpri and DFsec also become zero. The target primary thrust 
force tFpri and the target secondary thmst force tFsec therefore become equal to the 
thrust forces Fph and Fsec, respectively, necessary for maintaining the speed ratio. 
As a resiolt, the primary pressure Ppii and the secondary pressure Psec become 
constant because there is no change to the amoimt that the accelerator pedal 22 is 
depressed, and there are also no changes in the input torque. 

[0067] The pulley ratio is made to change from the LOW side to the HIGH side 
(upshift) at the time t3 to a time t4 when the accelerator pedal is suddenly released 
at the time f3. The thrust force correction amount DFpri necessary for achieving 
the target speed change speed tSsp is added to the primary thrust force Fpri, and 
this is set as the target thrust force tFpri of the primary piolley 11. The primary 
pressure Ppri is thus increased (hatched portion of Fig. 10). During this period, the 
secondary pressure Psec becomes a pressure corresponding to the thrust force 
Fsec necessary for maintaining the speed ratio. 

[0068] The input torque and pulley ratio continue to decrease in accordance 
with the accelerator pedal 22 being abruptiy released during a period from the time 
t3 to a time t4> The computed primaiy pressure Fpri and the secondary pressure 
Fsec therefore continue to decrease. 

[0069] Control is performed dioring the period from the time t3 to the time t4 as 
follows. 

[0070] The primaiy thrust force Fpri and the secondary thrust force Fsec 
necessary for maintaining the speed ratio are computed from the torque input to 
the primaiy pulley 11 and the current pviUey ratio in step SI. The target speed 
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change speed tSsp is computed in step S2, The magnification of the stixDke speed 
of the piillQr with respect to the piilley ratio is found by referencing the map shown 
in Fig. 8, and the stroke speed of the pialley is computed by multiplying the 
magnification and the target speed change speed fSsp. The thrust force correction 
amounts DFpri and DFsec of the piolley are then computed in accordance with the 
pxilley stroke speeds. 

[0071J Operation proceeds to step S4 if it is determined based on the target 
speed change speed fSsp that speed change is an upshift in step S3. The thrust 
correction amovint DFpri is added to the primaiy thrust force Fpri, and this value is 
set as the target thrust force tFpri of the primary pulley 11. The secondary thmst 
force Fsec is set to the target thrust force tFsec of the secondary pulley 12 in step 
S5. The tai^et primary pressure tF^ri and the target secondary pressure tPsec are 
computed in steps S8 and S9, respectively, by dividing the target primaiy thrust 
force tFpri and the target secondary thrust force tFsec by the pvilley pressxjre 
receiving surface areas A ^ and A2, respectively. 

[0072] In step SIO, the larger of the target primaiy pressiare ff^pri and the target 
secondary pressure tPsec is set as the target line pressure tPL, and the solenoid of 
the r^ulator Valve 31 is controlled so that the line pressure PL becomes the target 
line pressure tPL This step is repeated until the time t4 at which the pulley ratio 
becomes the map-referenced puller ratio. 

[0073] In accordance with this embodiment, the pulley maintenance thmst 
forces (the primaiy thmst force and the secondary thmst force) necessary for 
ensuring the torque capacity of the V-belt and maintaining the current piolley ratio 
is computed along with the thmst force correction amounts necessary for achieving 
the target speed change speed. The thrust force correction amount is added to the 
primary thmst force if there is an upshift, and the primaiy pressure is increased. 
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The thrust force correction amoxmt is added to the secondary thrust force if there is 
a downshift, increasing the secondary pressure. Speed change is performed in a 
state in which the torque capacity of the piolley is always ensured. The oil 
pressure of the primary pulley can thus be prevented fix)m being reduced 
excessively enough to cause the belt slippage. 

[0074] Further, a speed change flow rate has conventionally been found by 
converting both the target pulley ratio and the current pulley ratio into pulley 
stroke positions, and finding a speed change flow rate (pulley stroke speed) 
corresponding to the deviation between the two. However, the relationship 
between the pulley stroke amoimt and the pulley ratio does not change linearly, 
but instead takes on a non-linear form. It is therefore difBciolt to control speed 
change to a desired speed change speed. However, the target speed change speed 
is computed in this embodiment, and in addition, a gain between the target speed 
change speed and the pulley stroke speed is set in advance as a pioUey ratio 
function. The target speed change speed is mioltiplied by the g^in, and the thrust 
force correction amount is computed in accordance with the pulley stroke speed, 
and therefore information on the target speed change speed, which is used in speed 
change control, is also utilized in an oil pressvire control. Speed change is thus 
easily controlled by the desired speed change speed. 

[0075] In addition, the lai^r of the target primaiy pressure ff^pri and the target 
secondary pressure tPsec is set as the target line pressiore fPL, and the solenoid of 
the regulator valve 31 is controlled so that the line pressure PL becomes the target 
line pressiore tPL The primary pressure Ppri and the secondary pressure Psec are 
therefore guaranteed, and deterioration in fuel eflBciency can be avoided without 
increasing the line pressure PL. more than necessary. 

[0076] The present invention is hot limited to the embodiments ejq^lained above, 
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and various transformations and changes to the invention are possible within the 
scope of the technological concepts thereof. It is clear that these transformations 
and changes are also equivalent to the present invention. 

[0077] For example, the pialley ratio maintenance thrust forces (the primaiy 
thrust force Fpri and the secondary thrust force Fsec) necessary for rnaintaining the 
speed ratio, and the thrust force correction amounts (the primary thrust force 
correction amount DFpri and the secondary thrust force correction amount DFsec) 
necessary for achieving the target speed change speed are computed. The target 
primaiy pressiore tPpri and the tai^et secondaiy pressure tPsec are computed by 
converting the target primary thrust force tFpri and the target secondaiy thrust 
force tFseCy which have been calculated based on the pulley ratio maintenance 
thrust forces and the thrust force correction amounts, into oil pressiores. However, 
the method used for computing the target primary pressiore tPpri and the target 
secondary pressure tPsec is not limited to this method. The pulley ratio 
maintenance thmst forces Fpri and Fsec, and the tiirust force correction amo\ants 
DFpri and DFsec may each be converted into oil pressures, for example, and the 
target primary pressure tPpri and the target secondary pressure tPsec may be 
computed based on the oil pressures thus obtained by the conversion. 
[0078] Speed change control is performed in accordance with the amount that 
the accelerator pedal is depressed, but it is also possible to perform speed change 
control by using a throtfle opening of the engine 1 as a substitute for the amount of 
accelerator pedal depression. 

[0079] The thmst force correction amounts DFpri and DFsec may also be 
changed in accordance with oil temperature or the like. For example, the thrust 
force correction amounts DFpri and DFsec may be changed so as to become larger 
at low temperature when the oil tempemture becomes less than a predetermined 
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value, or during high temperature when the oU temperature is greater than a 
predetermined value. 

[0080] Further, although a process for determining the target speed change 
speed tSsp are shown in Fig. 6, the target speed changp speed tSsp may also be 
determined by another process. 



